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Recordings from the intact nervus terminalis with a hook electrode or from a stump of the divided 
nerve with a suction electrode show a tonic, irregular discharge of broad, low frequency spikes in ca. 
4-6 units. These nerve impulses are efferent from the brain. The mean frequency of discharge is not in- 
fluenced by various chemical, thermal, tactile, acoustic, photic, vibratory and electric field stimuli but 
is decreased by certain forms of mechanical stimuli, presumably acting on the lateral line organs of the 
lateral aspect of the head. We have not succeeded in recording from afferents. The nerve consists of 
> 1000 unmyelinated axons, mostly < 1 #m, a very few > 1.5/~m in diameter; presumably the efferents 
recorded from were these larger fibers. 
A cranial nerve distinct from, and morphologically rostral to, the olfactory nerve 
was illustrated by Fritsch [2] in 1878 from the brain of  the dogfish, Mustelus. Pinkus 
[10] was the first to describe the course of  the nerve. The commonly used name, ner- 
vus terminalis, was proposed by Locy [6, 7] based on Squalus and a number of  other 
elasmobranch fishes. All descriptions agree that the nerve is ganglionic and that it 
runs close to or with the olfactory tract and bulb. Sometimes there are two ganglia 
along the nervus terminalis. The ganglion or ganglia are variously situated, either 
beside the olfactory tract or bulb, or buried, or even dispersed as scattered cells 
within them. Except for birds, this cranial nerve and ganglion are now known in 
some members of  each of  the classes of jawed vertebrates, including among many 
mammals, the human, though it has not been identified in all the species examined 
in each class [4, 8]. There are significant differences between species, best known 
among teleost [3, 12]. 
In elasmobranchs such as Squalus the nerve is distinct from the olfactory tract, 
although in contact with it in a common connective tissue. The ganglion may be 
along the course of  the nerve or at its rostral end, beside the olfactory tract or bulb. 
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The peripheral termination of  the sensory axons of  nervus terminalis is said by the 
older authors to be in the olfactory epithelium. Several authors [5, 12] have sug- 
gested that the nerve is both sensory - f rom the same epithelium as the olfactory 
nerve - and also visceral motor  - on the same plan as the autonomic nervous system. 
Rossi and co-workers [11, 12] give evidence that this mixed nature is true for some 
teleosts (Scorpaena) whereas others (Tinca) have purely afferent nerves. 
A recent revival of  interest in this nerve has resulted in new anatomical findings 
and some functional speculations. The nervus terminalis proves to be part  of  a 
remarkable  system [1]. Horseradish peroxidase injection into the eye has revealed 
labeled cells in the terminal nerve ganglion (also called the nucleus olfactoretinalis 
in some teleosts), indicating the direct projection of  their axons to the retina; the 
nerve also projects to several nuclei in the forebrain. Preliminary evidence obtained 
by one of  us (R.G.N.)  f rom Raja points to the same conclusion for elasmobranchs.  
Munz et al. [9], Springer [13] and Stell et al. [14] found that the axons as they course 
through the nervus terminalis and the brain, as well as the cells in the ganglion, con- 
tain luteinizing hormone-releasing hormone (LH-RH).  Visualizing the fibers with 
immunofluorescence techniques confirms the projections to retina and forebrain 
targets. Demski and Northcutt  [1] give reasons to believe that the functions of  the 
nervus terminalis system may include chemoreception for pheromones.  
The purpose of  the present study was to at tempt to record electrical activity f rom 
the nervus terminalis, as a step in elucidating its function. We were able to record 
nerve impulses, which proved to be efferent; we have not succeeded in recording any 
afferent  activity, either spontaneous or elicited by various sensory stimuli. 
Spiny dogfish (Squalus acanthias) of  1-1.5 kg were anesthetized with MS222 (tri- 
caine methane sulfonate) and a surgical exposure was made uncovering the rostral 
end of  the telencephalon, the olfactory tracts and the caudal portion of  the olfactory 
bulbs, f rom the dorsal side. Injecting D-tubocurarine, 0.4-0.6 mg /kg  intramuscular- 
ly or intravenously, reduced the vigor of  the occasional spontaneous swimming 
movements  so that a head holder together with rubber bands supporting the body, 
via small fish hooks inserted in the middorsal line, provided sufficient immobiliza- 
tion. A stream of  sea water was led into the mouth at a rate which caused a gentle 
flow from most of  the gill slits. 
The nervus terminalis (Fig. 1A) was carefully freed f rom its medial position on 
the olfactory tract and followed proximally across the rostral pole of  the cerebral 
hemisphere, about  halfway toward its disappearance in the midsagittal fissure. By 
blunt dissection, freeing the nerve distad f rom that point to the level o f  the olfactory 
bulb, at least 7 mm of  slack nerve is available. This permits lifting the nerve with 
one or two hook electrodes into the air, preserving both its proximal and its distal 
connections. In a later phase of  the experiment, after cutting the nerve, either o f  
the stumps was drawn into a close fitting suction electrode, permitting many hours 
of  continuous recording. The forms of  stimuli used are described below. 
A continuous background activity is seen in the nerve lifted into air on a hook 
157 
A. f Olfactory Tract 
. . . . . . . . . .  I -  . . . . . . . . . .  . . . . .  i "  . . . . .  " : I  
Gan lion 
Cerebrum ~ ~  ~ N e r v u s  Terminolis 
/ /  .~ Rostrum 
Midline I0 mm 
B.  i i 
Fig. 1. A: diagrammatic dorsal view of the rostral end of the telencephalon, olfactory tract and bulb to 
show the nervus terminalis and its ganglion. The proximal end of the nerve enters the brain in the sagittal 
fissure, via the anterior neuroporic recess. B: tonic spike activity recorded in the proximal portion of the 
whole nervus terminalis lifted into the air on a hook electrode; random samples of single sweeps, each 
200 ms long; amplifier filters at 100-1000 ttz; note several repeated waveforms. 
e lec t rode  (Fig.  IB).  This  ac t iv i ty  consists  o f  uni t  spikes  o f  a p p r o x i m a t e l y  3-5 shapes  
f i r ing a l toge the r  a b o u t  5-10  spikes  per  second.  Al l  the  sp ike  shapes  have a r a the r  
long  d u r a t i o n ,  ca.  4 -6  ms.  
The  poss ib i l i ty  tha t  these  spikes  are  muscle  ac t ion  po ten t ia l s  can  be d i scoun ted  
on  the  fo l lowing  g rounds .  The  neares t  muscle  is m o r e  t han  a cen t imeter  away  and  
no  musc le  ac t ion  po ten t i a l s  are  r eco rded  when the  e lec t rode  is p laced  at  va r ious  
po in t s  on  the  car t i lage  o r  b ra in .  The  obse rved  spikes  are  una f fec ted  by  the pos i t i on  
o f  the  reference  e lec t rode ,  which m a y  be  close to  the  act ive e lec t rode ,  in the  poo l  
o f  ce reb rosp ina l  f lu id  o r  e l a s m o b r a n c h  sal ine so lu t ion  or  on  the nerve itself.  The  
spikes  a re  seen on ly  when  the nerve is l i f ted ou t  o f  the  poo l  or  when the p r o x i m a l  
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(caudal) s tump is drawn into a close fitting suction electrode under the water 
surface. 
A variety of  forms of stimulation fails to accelerate or decelerate the tonic 
discharge of  these spikes. We tried water extracts of  tissue of a plaice and washings 
of  the oviduct of  ratfish (Hydrolagus collieO, dilutions of  mucus from dogfish skin, 
dilutions of  dogfish bile and of  cloacal washings, water extracts of  dogfish liver, sea 
water in which a crab had been crushed, and solutions of  aspartate, glutamate, pro- 
line, alanine and glycine (each 10- 3 M in sea water). A small jet of  sea water or o f  
distilled water into the olfactory sac, whether slow or fast, is ineffective. Also inef- 
fective in altering the tonic discharge are the following: touching the skin near the 
opening of  the olfactory sac, scratching the skin with a broken glass pipette all over 
the body, tapping on the tank or head holder, voices and various artificial sounds, 
shadows, visible movement  and flashing light into either eye, and the make or break 
of  an electric field adequate to excite ampullae of  Lorenzini strongly. 
The tonic discharge of  spikes in the nervus terminalis is unaffected by local pro- 
caine applied to the distal end of  the freed segment where it rejoins the olfactory 
bulb, or by crushing the nerve distally or in the segment in air, or by cutting the 
nerve and recording f rom the proximal stump. The spikes are abolished by procaine 
applied proximally, i.e. to the point where the nerve joins the telencephalon, or by 
crushing near the telencephalon. After  dividing the nerve, no spikes are seen in the 
distal s tump drawn into a suction electrode either tonically or after stimulation with 
the various agents listed above. From these facts it is clear that the spikes are cen- 
trifugal, i.e. efferent f rom the brain toward the distal end of  the nerve or its 
ganglion. 
The mean level of  about 5-10 centrifugal spikes per second is typically maintained 
for many  hours although the intervals are irregular; fluctuations of  the mean are 
not conspicuous. As seldom as once in tens of  minutes there may be a slow down 
to 2/s for a few seconds and very rarely there is a spontaneous silence for 3-5 
seconds. 
A few forms of  stimulation can alter the tonic discharge of  centrifugal spikes. 
Gently swishing water near the lateral aspect o f  the head on the same side, for exam- 
ple by a single pass of  a 7 mm glass rod parallel to the side of  the head, 2 cm away 
and moving 10 cm in 0.5 s, can cause a slowing or complete suppression of spike 
frequency, after a latency of  up to 4 s, lasting for 5 s or more,  followed by a slow 
return of  the tonic discharge in 5-10 s, sometimes with a few seconds of  rebound 
hyperactivity. Local jets of  water in the same area are ineffective and swishing over 
large areas elsewhere on the body is ineffective. A single weak bump of  the head  
holder or a single gentle puf f  o f  air on the water surface near the head can cause 
the suppression of  spikes. 
In order to evaluate the finding of  a few active units and the failure to record f rom 
what we presume to be the majori ty of  the fibers in the nerve we fixed some material 
for electron microscopy. The freshly exposed nerve was flooded with a mixture of  
2.5 070 glutaraldehyde and 2070 paraformaldehyde in phosphate buffer;  the nerve was 
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Fig. 2. Electron micrograph of the nervous terminalis in transverse section. Bar scale = 1 ~m. Courtesy 
of R.D. Fields. 
dissected from the olfactory tract immediately and immersed in the fixative for 1 
h, then postfixed in 1.5°70 osmic acid. R.D. Fields kindly cut sections and stained 
them with uranyl acetate and lead citrate and prepared electron micrographs. The 
nerve consists of  more than 1000 fibers, all unmyelinated (Fig. 2), with widely vary- 
ing diameters ranging from much less than 1/~m to something more than 2/~m. Most 
fibers are <0.6 /zm;  a very few are > 1.5/zm in diameter. Many axons, especially 
the largest ones, contain more or less dense granules, often surrounded by a 
vesicular wall; the larger granules reach 0.2 #m. Glial nuclei and processes are con- 
spicuous but the processes generally envelop large bundles of  naked axons. 
The main significance of  these results is perhaps to call attention to a tractable 
preparation for studying the physiology of  a little known cranial nerve. The nervus 
terminalis has not previously been studied physiologically but its anatomical rela- 
tions have suggested some interesting functions, including chemoreception of  
pheromones and direct modulation of  the retina. Rossi et al. [12] had already con- 
cluded on anatomical grounds that the nerve is not only sensory but also motor,  as 
others, including Larsell [5], had done earlier, presumably supplying glandular, 
vascular or other effectors in the mucosa. 
Our finding of  efferent activity raises the question whether this represents cen- 
trifugal control of  receptors, either of  the nervus terminalis or of  the olfactory 
nerves, or visceral efferent control of  some peripheral effector. We cannot at pre- 
sent suggest more specific meanings of  the efferent impulses observed since the 
targets of  this output are not known. Even the distal (rostral) terminations of  the 
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nervus terminal is  as a whole are not  agreed upon .  Both olfactory epi thel ium and  
olfactory bulb  have been implicated.  If  they include sensory endings  in the 
epi thel ium, it will be impor t an t  to determine whether the efferent  fibers go to those 
endings.  Other  chemoreceptors  such as the olfactory and gusta tory are not  known  
to receive efferent  innerva t ion .  The gangl ion of  the nervus terminal is  in 
e lasmobranchs  should be examined with respect to the presumed synapses. Rossi et 
al. [12], in the first electron microscope study of  this nerve and  gangl ion,  report  
some indicat ions  in teleost of  synapses in the gangl ion,  due to terminals  of  
myel ina ted  axons on  one of  two classes of cells in the gangl ion.  There appear  to be 
no myel ina ted  fibers in the nerve in Squalus, but  the efferents are p robab ly  the 
largest fibers, which of ten carry large, dense granules.  
There is no indica t ion  of the or igin of the centr i fugal  discharge but  experimental  
ana tomica l  methods  that  exploit re trograde t ranspor t  of  markers  should be appl ied 
to the proximal  s tump of  the divided nerve. The suppression of  efferent  discharge 
by water movement  st imuli  to the facial region points  to a connec t ion  of  the cen- 
t r i fugal  neurons  with one of  the project ions  of  the lateral line mechanoreceptors .  
Since we only used gross electrodes, the failure to record afferent  activity in the 
fine unmye l ina ted  fibers is not  surpris ing and  there is reason to hope that  microelec- 
trodes will succeed in recording f rom afferent  uni ts  in the nerve or f rom cell bodies 
in its gangl ion,  permi t t ing  direct search for the adequate  stimuli.  
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